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This slide brochure is the third volume of a final report on the 
phase of a study on radioisotope — thermionic power supply for electri 
pulsion to the outer planets. The first phase focused on the design i 
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RADIOISOTOPE THERMIONIC POWER SUPPLY 
DESIGN AND PERFORMANCE SUMMARY 


ELECTRICAL 

BOL 

EOL 

NUMBER OF OPERATING CONVERTERS 

69 

59 

NET OUTPUT (kWe) 

5.93 

5.0 

OVERALL EFFICIENCY (%) 

13.4 

13.2 

TOTAL THERMAL POWER (kWt) 

44.2 

37.77 

VOLTAGE TO P.C. (VOLTS) 

15.2 

14.9 

PHYSICAL 

FLIGHT SYSTEMS MASS 

148.5 KG 


SAFETY SYSTEM MASS 

575.3 KG 


TOTAL MASS 

723.8 KG 


OVERALL LENGTH 

3.11 METERS 


SAFETY RADIATOR DIAMETER 

0.556 METERS 


FLARE DIAMETER 

2.44 METERS 
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AFTER IMPACT ON LAND 



The major safety design criteria considered 
in this study were: 
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RADIANT HEAT INPUT TO SAFETY SYSTEM FROM LAUNCH PAD FIRE 
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LAUNCH PAD FIRE PROTECTION 
CONCEPTS INVESTIGATED 


HEAT STORAGE 
INSULATION 

INSULATION/ HEAT STORAGE 
THERMAL SWITCH MATERIALS 
DIFFERENTIAL EXPANSION RADIATION SHIELDS 
MODIFIED AUXILIARY RADIATOR DESIGN 







'd 



1 



0 



p 

0 

I 

0 



o 

O 

O 

o 

0 


u 

•H 

U 

cd 

0 


•rH 

+3 

Pi 

0 

P 


> 

0 


P 


P 

rH 

0 

0 


CD 

0 

•rl 

•rH 

O 



cd 





P 


0 

0 

0 


U 

n3 

O 

•H 

0 


O 

0 

•rl 

0 

•H 


0 

cd 

P 

Eh 

U 


cd 

9 

O 

$ 

• 

0 

P 


s? 

•rl 

o 

0 

3 


p 

-P 

p 

0 

p 


P 

cd 

Pi 

a 

0 


0 

0) 

cd 

P 


0 

0 


P 

0 


P 

a 

$ 


& 


0 

•H 

0 

0 

0 


H 

s 

0 


P 


0 

3 

0 

'd 



cd 

0 


0 

0 


0 



0 

0 


O 

r o 


o 

P 


P 

o 

L 

ft 



Pi 

u 

m 


0 


0 

S 

0 

O 


0) 

0 

•H 

d 


> 


U 

r-| 

*d 


•rl 

0 

Pi 

rH 

0 


£> 

,0 

3 

JH 


g 

P 

• 

u 

o 


0 

5P 

0 

0 

p 



0 

0 

> 



O 

•rH 

*H 

5 

g 


-P 

w 



o 



r*> 

O 

0 

•H 


CO 

, — f 

P 

p 

P 



m 

O 

•H 

cd 



| 

0 

*ro 

Pi 

3 




0 

cd 

0 


<D 

>> 

0 

u 

P 

• 

0 

0 

P 

8) 

•H 

0 

P 

tj 

>> 

p 

P 

& 

P 

0 


o 

H 

P 

O 

0 

P 


0 

a 



0 

p 

P 

3 

£ 


0 

0 

& 

cd 

H 

P 


0 

U 

CD 

•H 

0 

H 

P 


0 

g 


■H 

0 

0 


O 

P 

0 


0 

cd 

o 

P 

cd 


o 


u 

0 

p 

0 

•H 

>> 

•rl 


cd 

cd 

U 

0 

CsJ 

P 

o 

£ 

3 



•rH 



> 


>> 

cd 

0 

P 


0 

0 

p 

0 

0 

u 

*d 


p 

EH 

0 

o 

•rH 

Pi 

o 


S 

«H 

> 

P 

o 




RY HEAT SHIELD DESIGN 


ALTERNATE ABORT CONFIGURATIONS CONSIDERED 

- RTPS NOSE FORWARD ATTITUDE SELECTED 

RANGE OF REENTRY TRAJECTORIES SUPPLIED BY NASA AMES CONSIDERED 

- FLIGHT PATH ANGLES FROM -10° TO -90° 

- 90° LAUNCH AZIMUTH 

- LOW EARTH ORBIT REENTRY 

TRANSIENT AERODYNAMIC HEATING ANALYSIS FOR BRACKETING WORST CASE 

THERMAL PROTECTION SYSTEM SELECTED FOR ANALYSIS 

- PYROCARB 406 ABLATOR 

- ZIRCONIA FELT INSULATION 

- STAINLESS STEEL STRUCTURE 


TRANSIENT MASS LOSS RATES OF ABLATOR COMPUTED 



X CD 

CD WO 

p CD d P 03 X d ?h 


CD 


o 

X 

Cl) 

i cd X 

' X 

O 


X 


o CQ 

p 


X H 

1 d 

CQ 


+3 

CD 

X d 

cd 

b 

D H CD CD Cd 




-P 

X 

CC 

f <D H -H 

i 

P 


X 

CQ 

CD -P 



1 X 3 X 

! (D 

cd 


CD 

O 

X 

•N 

MXH w.q 

CD 


?H 

O 

X 

P 


03 p 

cd 

X 


CD 

X 

>5 § 

fl 

X 

! 

i — 1 



X 


X ro 

CD 

d 

! CQ O ' 

* P 

CD 


X 

cd 

CD 


CC 

1 *H X (D 

X 


CQ 

d 

a 

X « 
•H X 

O 

CD ^ § 

0 CD 

1 & 

p 


O 

o 

X O 


p 

► C E 

P 

X 


O 

u 

p 

X ^ 

•H 

> 

cd \>) aj 

d • d Tj 

t >5 

d 

cd 


O 


i — 1 cd 

d 

c 

I i— 1 O 

X 



CQ 

1 — 1 

d H 

CD 

CD CD p CD 

X 


3 

CD 

O 


P 

► d CD > 

■ x 

X 


d 

3 W) -P 

P 

> ft cd x 

1 CD 

CD 



ft 

d 

CQ 

cd cd cq x 

X 


d 

cd 

CQ *H 

cd 


^ CD C 

1 *H 

X 


bJD 

u 

pm ^ 

T— 1 

c 

> X X CD > 

CQ 


•H 

X 

H d 

X 

p 

> CQ p p 

• O 



CQ 

03 

« x 



T< 

: u 

CD 


CD 


CD 

X 

1 d p (D ft pq 


X 

X 

CD +3 

X 

OJ 

► 0 o 





d 

xi qn 
p cd 

P 

X 

1 X CD E 03 

CD 



3 


X 

1 CQ p C 

> «H 

X 


CD 


u 

P 

CC 

I O O d 

1 

p 


P 

CQ 

■as 

o 


H P P CQ 



CQ 

P 


W ft ft 

CD 



>5 

d 

3 Q 

p 

<S X fH 

i X 

CD 


03 

CD 

O cd 

CQ 

3 

: <D O C 

i d 

U 



s> 

XI ft 

O 


P P 

► CQ 

3 



P CQ 

a 

x 

IP cd ft p 


P 

cd 

<3 CD 

r— 

1 O >a X 

i cd 

O 


CD 

P 

a 

CD i— 1 X 

! ° 

d 


•a 

p 

X 

o 

•H 

1 03 -H CC 

I 




p 

u 

X 

I CD P ?h 

l x 

p 


03 

p 

• 

p 

CQ o cd 

<D 

CQ 

• 

CD 

o 

d q-i 
o o 

X 

£ 

cd a > 

?«s 

Jh 

CD 

H 

£ 

CQ 

-p 

•H CD 

cq ft X 

•r- 

1 ft M cc 
i ft-H 

1 

1 CD 

O 

P 

d 

p 


o 

O O 

i — ! 

c 

i CD rH 

1 X 

cd 

a 


CD 

X P 

CD 

CC 

1 bDd -h 

1 p 

•H 

p 


p 

^ c 

•H 

p 

' U CD X 


X 

fi 


Vi 

X 

•H 

I cd 03 d 

\ p 

cd 

p 


(D 

CD O 

CQ 

P 

> X d CC 

E O 

U 

CQ 




C£ 









LU 


















CO 









O 



LU 






o 



Q_ 






CQ 



O 









h- 






s: 



O 






o 



CO 






QC 


LU 

M 






Ll_ 


—1 




21 





CD 

1 



LU 



CO 


l—H 

JZ 



1 — ’ 



2 : 


IE 

CD 



CO 

LU 


LU 


LU 

i— i 



X 

CO 


1— 


> 

_l 



CO 

c 


CO 



Ll_ 

Z 



CQ 


>- 


C£ 


CD 


H- 


CD 

to 

CO 

ZD 

s: 

i— i 


ZC 

LU 


CQ 

1— 

<C 

o 

00 


CD 

OC 




1- 


LU 


►— i 

<c 


CO 

LU 

2 : 

CD 

CD 


— J 

—1 

• 


S 

LU 

LU 


O 

Ll_ 

u_ 


>- 

CD 

CD 

CO 

CD 

_J 



CO 


<c 

X 

< 

1— 

UJ 

QC 

DC 


LU 

C£ 

Q 

CQ 

OC 

1 — 1 

LU 

LU 


LL. 

U- 




nz 

> 

>■ 

• • 

<C 


1—4 

#* 

CD 

CO 

O 

O 

CO 

CO 


t—i 

—1 

z: 




CO 


o 

HH 

<£ 

< 

2 : 

• 

• 

<c 

1— 

hH 


CD 


ZD 


21 

2 : 

o 

CO 

z: 

►—i 

OC 

l—l 

o 

CD 


UJ 

o 

cC 

QC 

LU 

z: 



— j 

1 — 

_J 

H- 

t— < 

H-* 

<c 


00 

< 

o 

Q_ 

»— H 

Q_ 

<C 

h- 

CO 

1— 

i— 

a: 

X 

h- 

2 : 

LU 


• 

• 

o 

CL 

LU 


LU 

ZH 

I 

o 

o 

h- 




1 

. 

P 

o 

CD (D 

a 


W p > 

o 

3 

aJ q cl 

Pi 

a> • 

M ro (D 

■H 

W CD 

q & 

> 

0 

0 CD 

d 

p .3 

P.-3 g 

CD 

03 p 

>> P H 

P 

W CD 

-P Pi P 

W 

03 i — l 

CD O 

<d 

a5 p 

'S’S.S 

i — 1 

•H 

P 

o w 

W , 


p 03 

H rtf 

TZl 

O 

CD 03 CD 

d 

W ft 

P -P ^ 

cd 

•H 

P d O 


P 

CD P 

i — I 

03 03 

O w 

cd 

n3 CD 

-p «iH 

p 

•H P 

d o cd 

H 

C6 Pi 

•h q Ph 

CD 

O 

a5 3 

P 

>>P 

tJ 

P 

Pi W 

CD d 03 


CD 

■P aJ 0 

CD 

> CD 

cti a 

P 

O P 

Pi tJD -H 

P 

O p 

o d > 


CD 

Ph*H CD 

P 

Pi d 

Pi £ Td 

P 


o o 

O 

CD 

O H CD 

P 

P CO 

a rH 03 

0 

p ft 

•H O CD 

EH 

P P 

O 

P ft 

CD EH 

Ph 

O 

U CO 

P 

CD 

3 Ph 


CD p 

Eh • 


> P 

w ft Pi 

CD 

•H 

T* CD 

P 

P bO 

*H CD P 

a 

a d 

cd p ctf 

CD 

CD *H 

p £ 

P 

•n> P 

>5 

O 

p cd 

Pi b0 Ph 

Pi 

o a 

CD d O 

ft 

o 

k* *H 

CD i — 1 

O-PTl 

tJ 

P 

o m d 

d 

EH d 

a> o cd 

cd 

•rH 

Ph O H 
rH 

03 

• W 

o 

CD 

P 0 

Pi P 

ft 

d 3 

o a 

o 

CD CD 

Pi O 

i — l 

0 -p 










CO 




CO 










CD 




CD 

CO 













21 

s: 









i— i 




HH 

c 









1 — 




|— 

LU 

CO 








<c 




<c 

J— 









o 




o 


LU 








cj 




cj 

>- 

1 — 

ST 






CO 




UJ 


X 

CO 

UJ 







UJ 



CJ 

UJ 

LU 

>- 

j— 






o 

> 



ccr 

>■ 

> 

CO 

CO 






cj 

1 — 1 



ro 

i — i 

O 


>~ 






<c 

h- 



o 

1 — 

CJ 

X 

CO 






UJ 

cj 



CO 

CJ 

LU 

cC 







CQ 

UJ 




UJ 

X 

z 

z 







—1 



u 

-J 


o 

o 






cj 

Ll_ 



o 

ll . 

Q 

CO 

•— 1 






J — 1 

UJ 




LU 



1 — 






H 

X 



UJ 

DC 

c 

CO 

CJ 






CO 




DC 



LU 

LU 

<c 





=0 

o 

c 


n> 

O 

31 

— J 

H- 

H- 


H- 


CO 

o 

z: 

1— 


l— 


O 

CJ 

LU 

< 


31 


CD 

CJ 

C 

c 


<c 

<c 


1— 1 

a 

o 


CD 


< 

<c 


a 




<C 

m 



o 

t— i 


CQ 


h- 


o 

CD 

1 — ' 

LU 

UJ 

X 

>~ 

o 

_J 



x 

U- 

>- 

CJ 

»— » 

u. 

CO 

> 

b — 1 

QC 

c 


UJ 


UJ 

< 

X 

c 

CO 

*=c 




O 

UJ 

CD 


O 

l — 

in 

O 

UJ 


zn 

1 — 

<c 

:z: 

1— 

CQ 

Z 

X 

» — i 

<c 

CJ 

1— 

CQ 


CJ 

Ll. 

LU 

< 

cj 



c 

J— 

3 


CJ 


< 


C 

CO 

CJ 

UJ 

O 

=n 

s: 

<=t 

or 

X 

UJ 

o 


x 



CO 

o 

i— i 

CO 


1 — 

UJ 

<c 

•D 

HH 

cc 

-=c 

CJ 

X 

LU 

< 

o 

ca: 

UJ 

o 

o 

Q 

< 

Q 

UJ 

Q 

a: 

LU 

X 

o' 


—1 

>- 

— 1 

2: 

< 

(2 

<c 

31 

<C 

i — i 

LU 

» — 1 

1— 

QC 

Ll. 

Q 

Lu 

3 

Q^ 

l— 

52 

1— 

Q£ 


Q 

Ll_ 




CD 

> 





•H 


P 




ca 

0 


P 




P P 

a 

P 

•H 

a 

CD 


d o 

0 

d 

? 

o 


0 

d 

0 

d 

CO 

P 

O! d 


P 

r\ 

p 

O 

CD 

0 o 

o 

•H 

CO 


P 

> 

P .h 

p 

a 

ca 

ca 


•H 

-P 


o 

0 

d 

d 

0 

co cD 

0 

cD 

d 

0 

O 

O 

PH d 



P 

P 

d 

0 

eh d 

•H 

d 

a 

0 

-P 

d 

p 

P 

O 

•H 

B 

d 


ft 

P 

ca 

CD 

0 

P 0 

o 


o 

d 

ca 

0 p 

O 

cD 

d 

1 — 1 


O 

-p p 


0 

o 



P 

o 

P 

d 

•H 

p 

d 

ttf) 


cD p 

P 


P 

•H 

0 

Q-i d 

tiO 

a 

cD 

3 

P 

£3 * 

d 

0 

d «rl 

a P IA 

CD 


a 

i — i 

•iH 

(D 


P 


d 0 


X 

d 

*\ 

-p 

- 

cD p 

0 

CD 


i — i 


P 

ca 

p 

a 

0 


p- 

tH >2+^ 


« — 1 

p 

P 

OJ 

O ca 



P 

cD 

cD 




a 

cD 


3 

P 

>5 0 

£ 

0 

> 

, 

d 

3 

P p 

o 

d 

d 

ca 

CD 

•H 

•H -p 

P 


0 M 

P 

d 

d 

ca 

LA 

ca 

0 

15 

d 

*h a 


OJ 

P 

0 

CD 

o 

o o 

P 


O 

? 



•H d 

d 

P 

V / 


o 

p 

> P 

co 

o 


Q 

-p 

o 


P 


a 

% * 



0 0 

a 

0 

0 

P 0 

P 

W)P O 


ca 

d 

o 

CD 


p d 

ca 

O 


d CD 

ca 


cd 

•H 

P 

O 

•H p 

d 

LA 

d p 

P 


O 

P d 

to 

o\ 

•h ca 
•H 

EH 

& 

oj p d 
•H ca 

♦H 

rH 

ca p 


o 

P 

£ 



d 

• 

p 

d 

d 


0 

O d 

0 


cD 

>> o 

•H 

X! 

ca *h 

d 

0 


d -H 

P 

P» 

d 0 

d 

H 

/ — s 

0 P 


S 

0 p 

ca 

O 

p 

> cD 


ftp 

O 

P 

•H 

O *H 


O 

ft 

3 

a 

O P 


d 

>5 d 

X 

cD 

•H 

0 cD 


P 

P o 

0 

r— 1 

d d 







p 

<M O 



P 

O H 



0 


*d 


•H 

0 P 

H 1 


03 

03 O 

0) 


P 

P CH 

•H 

0 

P 

O 

P 

p 

P 

Pi 0 

03 

P 

P 

03 P 


P 


0 -H 

(D 

03 

'P 

P 'H 

P 

1 

P 

0 W 

•H 

>> 

3 

P 

■5 


p 0 


P 

CO 

3 o 

0) 


<D 

O 

P 

P 

-P 

•H 

s 

8* 

O 


0 

+5 

03 


*3 


CVJ 


P 

-p 


5 5 


a to 
bD.H 
•H 

co 


co 

03 

0) 

u 

-p 

03 

0 


Pi 


H CQ §H H 

P <D P 


0 
■d 

P 0 


p 

0) 

& 

P 0 

p 

O P 

O 


p 

P 

a 

P 

p 

•rp 3 

P 


o 


03 

P P 


P P 

6 


p 

P 

p 

0 *H 

p 

a P 



aj 

1 

p a 

p 

P 

O 


*d 

p 

03 

G_i Sj 

3 0 
^ Pi 

0 

0 0 

O 


a) 

'P 

o 

0) 

5 

& 


rH 



£ 

P 

P 

S H 

■a 

0 

P 

0 

P 


o 

0 

0 

3 0 

•fH 

• 

P 

• 

P 


P 

P 


P 0 


rH 

•H 

03 

P 

W) Q 

■a 

P ft 

CO 

P 


P 


p a 

0 *H 

P 

•H 

03 

P 

0 

•i H 

•rH 

a ft 

P 

P 

•H 

03 

ttO 

P 

•H 

N 

P 

a 

•H -p 

0 

co 

0 

P 


P 

a 

p a 

0 

2 P 

0 

P 

rH 

•H 

p 

p 

P 

a* 

P 

a 

P 

P 

0 

CO 0 

P 

0 P 

ft 

P 

03 

p 

P P 



0 

0 

P P 

0 

P P 

a 

>> P 

P 

ft 

*d 

g 

p 

0 

o 

P o 


•H 

3 


P 0 

p 

0 -p 

P 

ft 

H 

p 

o 

0 P 

tp 

P -H 

O 

03 

p 

p 

ftp 

a 


*H 

P 

•H 



p 

03 fd 

P 

P 

P 

p 

CO 

0 P 

•H 

p 


0 

03 

o 

•rH 

o o 

<h 

*d p 


P 



CO 


0 

p 



a) 


>? 

p 0 

p 

P 

0 

P 

CO 

i — I 

O to 

0 

p 

O 

P 

•rH 

P 

P 

•rj D P 

co 3 

Ph -h 

o 

P 

<H 

o 

P 

g 


o 



•rH 

P 

a 

o 

EH H 

OJ 

P 

0 

P 



p 

PP «H 

l—l 

O 

P 

a? 

rH 

0 CO 




EH rH 

P p 0 

§> 

03 3 

p 




S 

P P 

P P 

p p 


o 

P 

P 

•H 

P 


•H 


rH 

0 

H P 

CO 

0 

p 

a 


P 

P 

i — 1 *H 

0 

<H P 

0 

•H 


O 

P 

to a p 

O P 

CO 

rH 



STEADY STATE: 
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This figure shows fire shield tradeoff curves 
of LiH and insulation mass with LiH thickness for 
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The LiH/Thermal Conductivity was revised from a constantly decreasing value with 
temperature, as shown in Table 6.1, to one that leveled off to a value of 2. Btu/hr ft 
above 1760°R. 
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BASELINE CONDITIONS: MASS = 47S kg 

BASE DIAMETER = .163 cm 
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IT. 5 PSP 



TIME PROM 400K FEET, SECONDS 
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Stagnation Point Ablation 






The influence of variations in the diameter of 
the b5° half-angle flare on the RTPS aeroballi sties 
are shown. Volume within the payload envelope allows 
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Tradeoff of REPS Aerodynamic flare mass and honeycomb 
energy absorber mass with flare diameter 
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IMPACT PROTECTION SYSTEM 


DESIGN TERMINAL VELOCITY 

45 M/SEC 
(147 FPS) 

DESIGN IMPACT DECELERATION 

200 G's 

HONEYCOMB THICKNESS 

0.73 M 

KINETIC ENERGY ABSORBED 

4.8(1 0) 5 J 

HONEYCOMB MASS 

25.1 KG 

AERODYNAMIC FLARE MASS 

35.7 KG 

IMPACT PROTECTION MASS 

60.8 KG 
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Sea Level Terminal Velocity - Meters /Second 



Increase In Safety System Mass - kg 


50 


75 100 

Safety System Diameter - cm 


125 


Sea level terminal velocity changes with increases 
in safety system mass and diameter 
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Post Impact Temperature of Auxiliary Radiator Versus Radiator Diameter 
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Radiation Dose After Land Impact - rem/hr 
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FLIGHT SYSTEM COSTS 



Unit Cost 

Item Cost (103 |) 

244 

Curium Fuel 

$ 100 /thermal watt j 

4,420 

Encapsulation costs 

$ 15 , 000 /capsule 

2,040 

Emitter heat pipes 

$ 5,000 

3^5 

Thermionic converters 

$ 5,000 

345 

Radiator heat pipes 

$ 2,000 

138 

Power conditioning 

$ 2 , 000 /module 

16 

Beryllium shield 

$ 700 /lb 

38 

Heat source case & insulation 


20 

Safety System 



Auxiliary heat pipes 

$ 750 

300 

Fire shield 


30 

LiH shielding 


50 

Reentry heat shield 


60 

Structure 


40 

Assembly operations 


200 

Launch support equipment 


100 

Auxiliary prelaunch shielding 


30 


TOTAL 

8,172 






